Nitrogen is a major nutrient involved in plant growth and yield. Plants cannot get the nutrients from the soil medium under water stress condition to testify foliar application in stress condition to fulfil plant need for better performance. In this regard, a field study was conducted to evaluate the effect of foliar-applied nitrogen (0, water and 1% urea) on sunflower (cv. Hysun-33) under normal and water stress at reproductive stage. Two soil applied nitrogen levels control (0 kg•ha −1 ) and recommended dose (115 kg•ha −1 ). Supplemental foliar application of nitrogen in the form of urea significantly increased the growth, yield and yield components of sunflower under water stress. The increase in yield with 1% urea spray was recorded up to 1.37 t•ha −1 in comparison to water spray (1.07 t•ha −1 ) and no spray (1.00 t•ha −1 ). While maximum values of all factors were obtained where 1% urea spray with soil applied nitrogen was used in both stresses as well as in nonstress condition. Therefore, reasonable yield can be achieved by applying foliar application of urea (1%) as a supplemental source to soil applied nitrogen under water stress.
Introduction
Sunflower is one of the major oil producing crops grown worldwide. Globally, it ranks the fourth position and is grown on a large scale. In Pakistan, it has also emerged as an important oil seed crop due to its adaptability in soil and environmental condition [1] . The oil of sunflower is considered best as it has higher level of oleic acid which renders it more oxidative stability as compared to other oil seed crops such as safflower and canola having lower proportion of oleic acid. This unique feature makes it an essential antidote to deter coronary heart diseases [2] .
Sunflower hybrid gave better yield when properly irrigated. Yield would increase if limited water was applied at specific growth stages [3] . Water stress affects the typical physiology, growth and yield of plants in different ways. It has been studied that worldwide reduction in sunflower production is associated with water stress [4] . Huge reduction in achene yield as well as biological yield of sunflower occurred with limited irrigation at flowering stage [5] . In drought affected soils the nutrient uptake is low because soil pores are occupied with air that obstructs water diffusion in roots, so nutrient uptake cannot be possible in such condition [6] .
Nitrogen is one of the major essential elements of most of structural and functional components of plants [7] . It comprises 40% -50% of dry matter of living protoplasm [8] . Nitrogen is involved in promoting crop production by improving partitioning and accumulation of dry matter in crop [9] . N fertilizer increases the chlorophyll contents by increasing the rubisco activity [10] and it is the essential component of increased weight and yield of chilies and tomatoes [11] [12] . Increase in the seed yield of sunflower is observed in different experiments by applying proper dose of nitrogen [13] .
Under water stress, deficiency of nitrogen reduced the plant growth [14] . To fulfill this deficiency of nutrients especially nitrogen under water deficit, supplemental foliar spray may be the best option instead of soil application. Damage of water stress can be limited by providing nitrogen properly [13] . Foliar application can supplement the deficiency of nutrients under water stress conditions as it is an advantage in field conditions where the uptake of nutrients is restricted by variety of abiotic and biotic stresses. Foliar application is another option when nutrient deficiencies cannot be corrected by soil application of nutrients [15] .
The main aim of this study was to find the efficiency of foliar applied nitrogen in fulfilling the demand of nitrogen at reproductive stage by alleviating the effect.
Material and Methods

Field Preparation
An experiment was conducted at crop physiology research area, University of Agriculture, Faisalabad, to study the effect of supplemental foliar nitrogen application on sunflower var. Hysun-33 under water stress at reproductive stage. The crop was sown on 10th of August, 2013 by using ridge sowing method, keeping row to row distance of 70 cm and plant to plant distance of 22 cm using a seed rate 8 kg•ha −1 . Potassium (K) and phosphorus (P) was applied at the time of sowing. Nitrogen was applied in the form of three split doses and foliar application was done just before reproductive stage. 
Treatment
Measurement
Plants from three replicates were used to measure head diameter (cm), number of achenes per head, 1000-achenes weight (g), achene yield (t•ha −1 ), biological yield (t•ha −1 ) and harvest index (%). Chlorophyll content (mg/ml) was estimated by the Arnon method. Osmotic potential (MPa) was measured by Osmometer (Wescor, 5520) using a drop of crushed leaf sample in an Eppendorf tube, Leaf water potential (MPa) was gauged by Scholander type pressure chamber (Arimad-2, Japan).
Statistical Analysis
The experiment was arranged in three factor factorial split-split plot design with three replications. Data was analyzed using Statistix 8.1 and means were compared by Duncan's Multiple Range Test (DMRT) at 5% level of confidence.
Results
Chlorophyll contents are the most important physiological parameter which decides the photosynthetic rate. It accumulation contributes to final yield by enhancing the achene weight (Figure 1(a), Figure 1(b) ). Maximum chlorophyll a and b were observed in plots receiving no stress with soil applied nitrogen and 1% urea spray. While minimum values were observed in plants having water stress with no soil nitrogen and no foliar spray. Water stress significantly decreased the chl a and b. Soil applied nitrogen under no stress gave maximum value while minimum value was recorded where no soil applied N under water stress condition. Similarly, foliar spray of urea had significantly increased the chlorophyll value.
Maximum osmotic potential (1.48 MPa) was observed in plots having no water stress with no soil applied N and 1% urea spray. While minimum water potential (1.97 MPa) was recorded in plots receiving water stress with no soil applied N and no foliar spray. Water stress significantly decreased the osmotic potential value (Figure 1(c) ).
Maximum water potential (0.66) was observed in plots containing no water stress with no soil application of nitrogen with water spray while minimum water potential (1.15) was recorded in plots receiving water stress with soil applied nitrogen and 1% urea spray. Water stress significantly decreased the water potential value. Similarly, foliar spray of water had significantly increased the water potential while both other levels of foliar spray were at statistically at power with each other (Figure 1(d) ).
Head diameter (Figure 2(a) ) significantly affected by the 1% urea spray as it gave maximum head diameter of (19.20 cm) under normal condition with urea spray followed by water spray and no spray. While minimum head diameter measured in plots having water stress with no soil applied nitrogen under no foliar spray. Water stress has significantly decreased the head diameter.
Achene weight is an important parameter for determining the yield. It gives an idea of photosynthetic accumulation in achene and shows the importance of water for the food translocation.
Maximum achene weight was obtained in plots receiving no stress with soil applied nitrogen and 1% urea spray. While minimum value shown by plots having water stress with no soil applied nitrogen and no foliar spray. Water stress significantly decreased the 1000-achene weight. Similarly foliar spray significantly increased the 1000-achene weight followed by water spray (Figure 2(b) ). Maximum numbers of achene (Figure 2(c) ) were obtained in plots treatment receiving no stress with soil applied nitrogen and 1% urea spray. While minimum number shown by plots having water stress with no soil applied nitrogen and no foliar spray. Water stress significantly decreased the numbers of achene. However, soil applied nitrogen under non water stress gave maximum numbers of achene while minimum value was observed where no soil applied nitrogen under water stress condition. Similarly foliar spray of urea has significantly increased the numbers of achene followed by water spray.
Individual comparison of treatment means (Figure 2(d) ) indicated maximum achene yield was obtained in plots receiving by no stress with soil applied nitrogen and 1% urea spray. While minimum achene yield was obtained in plots having water stress with no soil applied nitrogen and no foliar spray. Water stress significantly decreased the achene yield. While soil applied nitrogen under no stress gave maximum yield but minimum value was observed where no soil applied nitrogen under water stress condition. Foliar application of urea has also significantly increased the achene yield followed by water spray.
Harvest index (Figure 2(e) ) shows the percentage of how much economic yield produced from the biomass, maximum harvest index (15.64) was observed in plots where there was no water stress with soil applied nitrogen and 1% urea spray and minimum value (9.87) was observed in plots where there was water stress with no soil applied N and no foliar spray. Water stress significantly reduced the harvest index. Whereas soil applied nitrogen under no stress significantly increased the harvest index while minimum value was observed in no soil applied nitrogen under water stress treatment. Similarly foliar application of urea has significantly increased the harvest index followed by water spray.
The experiment results revealed that maximum biological yield (Figure 2(f) ) was achieved in plots receiving no stress with soil applied nitrogen and 1% foliar spray while minimum biological yield obtained in plots having water stress with no soil applied nitrogen and no foliar spray. Water stress significantly reduced the biological yield. Soil applied N under no stress gave maximum value and minimum value was observed in case of no soil application under water stress condition. Similarly foliar spray significantly maximize the biological yield followed by water stress under both water and non-stress conditions. Statistical significance of all the studied attributes was tabulated in Table 1 .
Discussion
Nitrogen is one of the major components of photosynthetic machinery (chloroplast) in plants and mobilization of organic nitrogen controls the uptake and partitioning of carbon from leaf to seed sinks [16] - [18] . Water stress induces growth and yield loss of a crop due to reduce nutrient uptake, transport and distribution [19] . Water stress at any stage of plant growth adversely affects the yield of a plant but seed setting stage is the critical one [20] . The nitrogen supplement compensates the yield loss of wheat and deteriorative effect of water deficit conditions [21] . The deficiency of plant nitrogen under water stress at vegetative stage can be indemnified by the foliar application of urea as its effectiveness amplifies the nitrogen use efficiency of plant [22] by facilitating the timely translocation of nitrogen through leaf tissues. The urease enzyme hydrolyses urea giving ammonia as a product in leaves for C partitioning in seeds [23] [24] . The results of this study showed that the foliar application of nitrogen was beneficial to sunflower growth, development and yield. Chlorophyll a and b both show decreasing trend under water stress condition. Reasonable Chlorophyll contents increased under the 1% urea spray in water stress as compared to no stress condition. It is due to the fact that sunflower 50% nitrogen is associated with photosynthetic enzyme rubisco [25] . Consequently, lower rates of photosynthesis under conditions of nitrogen limitation are often attributed to decrease in chlorophyll contents and rubisco activity. Maximum water potential (−0.66) was recorded under treatment where no water stress under water spray as compared to minimum (−1.51) value where water stress with 1%urea spray was applied. As foliar spray of urea and no spray values are at power so these are significantly not differ from each other but differ from the water spray. The time and duration of foliar application determine the fate of plant yield [26] . In this experiment, as all yield related parameters were influenced by 1% urea spray. Head diameter was increased under water stress when urea spray is applied at reproductive stage, as compared to other treatments where no foliar spray was applied under water stress. Plants with greater head diameter leads to increased number of achenes and finally leads to maximum achene yield in comparison to no foliar spray [27] [28] . Without foliar spray, the deficiency of nitrogen decrease the achene yield of water stressed sunflower plants as in wheat [20] . Ability of plants to survive under water stress depends upon the roots ability to extract nitrogen from the environment. Under water deficient condition, plants stomata are closed which decreased the transpiration stream resultant in reduction of nutrients especially nitrogen. It is due to the fact that foliar applied nitrogen is absorbed by plants more rapidly than other methods. Nitrogen is important part of different structural and metabolic compounds in plants [29] . Nitrogen contributes 80% out of total nutrients absorbed by plants. Besides, an increased supply of photosynthates to head would also provide an opportunity for seeds to grow to their full potential, with an obvious increase in 1000-achenes weight [30] . The improvement in yield attributes after foliar application of N led to higher biological and achenes yield. The crop to produce an economic yield depends not only on the size of photosynthetic system, its efficiency, and translocation of dry matter into seed yield [31] . Hence, harvest index (HI) is an important trait in determining economic yield and represents an increased physiological capacity (sink power) to mobilize photosynthates and translocate them to organs of economic value [32] . It can, therefore, be inferred from the higher HI that the crop had a higher capacity to translocate photosynthates towards economic sinks when soil nitrogen with foliar urea spray were applied together, resulting in higher seed yield.
Conclusion
The foliar application of urea and its integration with recommended dose of soil applied nitrogen fertilizer improved the yield of water stressed sunflower (Helianthus annuus L.), especially when sprayed at reproductive stage. This dose of urea is recommended for nitrogen as well as water deficit soils for the better yield of a crop. The future work will be to testify the efficiency of this foliar applied urea level on other crops under different abiotic stresses.
